Although the rapid and considerable membrane depolarization response which accompanies activation of the phagocyte NADPH oxidase is due to transmembrane electron fluxes, little is known about the involvement of reactive oxidant species (ROS) in the subsequent repolarization response. In the current study, we have investigated the effects of superoxide dismutase (SOD), catalase, methionine, and the myeloperoxidase (MPO) inhibitors, sodium azide and 4-aminobenzoyl hydrazide (ABAH), as well as those of H 2 O 2 and HOCl (both at 100 μM) on the alterations in membrane potential which accompany activation of human neutrophils with the chemoattractant, FMLP (1 μM), and on store-operated uptake of Ca . These observations demonstrate that NADPH oxidase regulates neutrophil membrane potential and Ca 2+ influx not only via its electrogenic activity, but also as a consequence of the generation of ROS.
Introduction
In addition to its microcidal role, NADPH oxidase, the electron-transporting, superoxidegenerating complex of phagocytes, protects neutrophils from calcium flooding of the cytosol during exposure of the cells to calcium-mobilizing stimuli such as formyl peptides (FMLP). Following neutrophil activation, the oxidase mediates the electrogenic transfer of electrons to molecular oxygen, resulting in depolarization of the membrane potential, which generates an electrical gradient unfavorable for Ca 2+ entry [1] . Storeoperated Ca 2+ reuptake is delayed by this depolarizing action of the oxidase and occurs during the subsequent phase of membrane repolarization [2] . Importantly, the rate of Ca entry is regulated by that of membrane repolarization as these two events are functionally interdependent [3] .
Although the electrogenic properties of NADPH oxidase are primarily responsible for membrane depolarization and exclusion of extracellular Ca
2+
, little is known about the involvement of NADPH oxidase-derived reactive oxygen species (ROS) in regulating membrane depolarization/repolarization and uptake of Ca 2+ .
In the current study, we have investigated the effects of neutrophil-derived ROS, as well as inhibitors of their generation or reactivity, on the rates of membrane repolarization and store-operated Ca 2+ reuptake in chemoattractant-activated neutrophils. Our results suggest that H 2 O 2 and especially HOCl restrict both membrane repolarization and Ca
uptake. This novel regulatory role of NADPH oxidase, acting in concert with o op pe en nU UP P ( (J Ju un ne e 2 20 00 07 7) ) methionyl-L-leucyl-L-phenylalanine (FMLP; 1 μM final, Sigma). The PO 2 of the cell suspending medium was monitored prior to and for 10 min following addition of FMLP.
Myeloperoxidase (MPO) activity
Autoiodination of neutrophils was used to measure the activity of MPO following activation of neutrophils with FMLP (1 μM final) in the absence and presence of sodium azide (760 μM), ABAH (50 μM), and methionine (100 μM). Briefly, neutrophils (6 × 10 6 ) were preincubated for 10 min at 37°C in 5.94 ml HBSS containing 1 μCi/ml of [5] , [6] , [7] and [8] . The neutrophil permeability coefficients for sodium (P Na ), potassium (P K ), and chloride (P Cl )
ions are approximately 5 × 10 −9 , 5 × 10 −8 , and 5 × 10 −9 cm/s, respectively [8] . This information allows the resting membrane potential (RMP) of neutrophils in HBSS to be calculated according to the constant-field equation of Goldmann [8] . (i) catalase (500 U/ml) and superoxide dismutase (SOD) (100 mU/ml); (ii) methionine (100 μM); and (iii) sodium azide (760 μM) and ABAH (50 μM).
Additional experiments were performed to determine the effects of HOCl (100 μM) and /ml) were then preincubated for 5 min at 37°C followed by the addition of MnCl 2 (300 μM) for a further 3 min, after which they were transferred to disposable reaction cuvettes, which were maintained at 37°C in the fluorescence spectrophotometer. After a stable baseline was obtained (1 min), the neutrophils were activated by the addition of FMLP (1 μM) and fluorescence quenching as a measure of Ca 2+ influx was monitored at an excitation wavelength of 360 nm, which is an isosbestic wavelength, and at an emission wavelength of 500 nm [1] . This procedure was used to investigate the effects of sodium azide (760 μM) and ABAH (50 μM) added 1 and 8 min before FMLP, respectively, on the rates of Mn 2+ quenching of fura-2 fluorescence as a surrogate marker of Ca 2+ influx. Additional experiments were performed to determine the effects of HOCl (100 μM) and H 2 O 2 (100 μM) added 1 min after and 1 min before FMLP, respectively, on Mn 2+ quenching of fura-2 fluorescence in sodium azide-treated neutrophils, with an equal volume of H 2 O added to the control system. This experimental design was used to minimize the contribution from endogenously generated HOCl.
Spectrofluorimetric measurement of cytosolic Ca

2+
Neutrophils (2 × 10 6 /ml) loaded with fura-2/AM as described above (Mn 2+ quenching of fura-2 fluorescence) were preincubated for 8 min at 37°C in the presence or absence of sodium azide (760 μM) and ABAH (50 μM), after which they were maintained at 37°C in a Hitachi 650 10S fluorescence spectrophotometer with excitation and emission wavelengths set at 340 and 500 nm, respectively. After a stable baseline was obtained (± 1 min), the neutrophils were activated by the addition of FMLP (1 μM) and the subsequent alterations in fura-2 fluorescence intensity were monitored over a 5-min period. The final volume in each cuvette was 3 ml containing a total of 6 × 10 6 neutrophils. 
Activity of myeloperoxidase
These results are also shown in Table 1 . MPO-mediated autoiodination following activation of neutrophils with FMLP was almost completely inhibited in the presence of sodium azide and ABAH, with marked attenuation observed for methionine-treated cells.
FMLP-activated neutrophil membrane depolarization/repolarization
These results are shown in Fig. 1 and Fig. 2 , and Table 2 . Exposure of the cells to FMLP was accompanied by a characteristic abrupt decrease in membrane potential which leveled off at around 1-2 min after addition of the chemoattractant and was followed by a gradual recovery of the membrane potential toward resting levels over 5-10 min. The effects of sodium azide, ABAH, methionine and catalase added to the cells prior to FMLP on the resting membrane potential and FMLP-activated membrane depolarization/repolarization are shown in Fig. 1 . Treatment of neutrophils with these agents did not affect the RMP or the magnitude of depolarization following activation of o op pe en nU UP P ( (J Ju un ne e 2 20 00 07 7) ) the cells with FMLP (87 ± 2 mV for control cells and 89 ± 2, 93 ± 2, 92 ± 3, and 88 ± 2 mV for azide-, ABAH-, methionine-, and catalase-treated neutrophils, respectively). However, as shown in Fig. 1 and Table 2 , both the rate and the magnitude of repolarization were significantly increased by these agents, while neither of these was affected by SOD. Effects of SOD (100 mU/ml), catalase (500 U/ml), methionine (100 μM), sodium azide Conversely, addition of HOCl or H 2 O 2 to FMLP-activated neutrophils at the point of maximum membrane depolarization significantly attenuated the rates of membrane repolarization and antagonized the effects of the MPO inhibitors ( Fig. 2 and Table 2 ).
Influx of Ca 2+ using Mn 2+ quenching of fura-2 fluorescence
The effects of sodium azide (760 μM) and ABAH (50 μM) added 1 min before FMLP on the Mn 2+ quenching of fura-2 fluorescence assay are shown in Table 3 and Fig. 3A . In membrane depolarizing action of the oxidase limits Ca 2+ influx, and cells with impaired function of this electron-transporting complex (such as those from patients with chronic granulomatous disease) are inherently predisposed to flooding of the cytosol by Ca 2+ [1] and [12] . In contrast, following activation with FMLP, the uptake of extracellular Ca 2+ into neutrophils with a functional oxidase is a delayed event, proceeding gradually over a 5-min time course which is superimposable on that of membrane repolarization, suggestive of a mechanistic interrelationship between these two events [3] and [13] . -mobilizing stimulus.
In conclusion, the current study has identified a previously unrecognized role for MPO 
